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One of the prlmaly objectlves of the upper lelSlon blology

clasaes at Bcvelly Hllls High School 1s to orepare students for

a

?the llgorous college currlculum 1n the llfe sc1ences.’.mhe o 1'
C . i

- three classes, Advanced Placement Blo]oqy, Advanded Phy51ology, : ,: R
. and Advanced Botany have all been developed to meet the requ1re~.

ments of ﬂhe college—bound sclcnce student. The puroose of the

>

|
Advanced Placement Biolegy. course is to prepare students for the

Advanced Placement Examlnatlon offered by the College Entrance

- /. 1 -

' Examlnatlon Board of. Prlnceton, New Jersey.; Ir the student

@

- L

-passes thlg examlnatlon, he ‘is exemot from f1rst—year blology
- at most major collegcs. Upon completion’” of Advanced Botany
“and *wolessay-examlnatlons,la student w1ll recelve a year s

o college cred1t in Botany from the Unlverslty of Callfornla s

RN

'at Berkeley Fxten51on. In: llght ofjthls,vour staff feels

’obllqated to bffer demandlng blologv classes that w1ll offer

ok

'the same materlal as a tyolcal college course. The areas of "
1nvest1gatlon 1nclude blochemlstry, energy transformatlon "cell

: natomy and physlologv, Mendellan genetlcs, chemlcal genetlcs,
'development taxonomy, evolutlonary process,'nutrlent orocurement :
'-and proce551ng, gas exchange, 1nternal transport, cellular res-\

p1ratlon, hormones,tnervous control (neuron and ANS).. and . SRV
‘ ecologlcal relatlonshlps among 11v1ng organlsms. Extenslve LT

‘college-level laboratorylexoerlehces‘u51ng approorlate apparatusf

and technlques arellntegrated to prov1de an 1ntroductlon to. an

‘ exemollflcatlon of, and reenforcement of the tOplCa presented

in the dlscus51on and lecture materlal However, we feel that

- ] . e . \
. y ) >

i N B -_ » -3 ) o : >. - .
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‘gthere/are expcrlmcnts that Cannot ‘be . performed accuratel" for
want 6f tnme and equlpment in the classroom.,_lt is p0551ble ) , \\'5;
; ' oy o )
“to slmulate the actlon of any organlsm 01 group of organlsms ///

“.on a computer,

programs on the System ‘are in. the BASIC language.

to develop

" learning an

‘1n order to comolete the program.

e .. ° T oL -

and thh the addltlon of‘the chlett- ackard 2000

ACCESS Serles, ‘we feel we now - have thls capablllty.' All the

Although thas
] .

is a rather 51mplo languaqe,-lt can be ea51ly taught to the SN

1
studcnts w1thout requlrlng any speclal prerequlsltes or addltlonal

course work -and w1th1n a few weeks nearly all students are able

°

helx own programs in wh1ch to enhance thelr own

A‘"‘

'enjoyment. o

o o N\

— Lo
Compute: programmlng,at Beverly Hllls CODSlStS of four malnl

1

types. F1rst is Un1t Rev1ew. TH@\ﬁnstructor S lecture is typed
i
on’ to the System w1th key words omltted from the program. When

\
the studeﬂt runs the proqram, he must supply ‘the correbt answer
#, .

If a wrong answer is- 1nputted,-
the correct answer is supplled by the program after two attempts.

We fcel that thls type of programmlng ffers two 51gn1f1cant
student is absent from a lecture, he can ea51ly

AN
the 1nstructor s lechure and

advantages. If a

recelve a copy of seCondly, the

prOgram serves as

'an excellent rev1ew for the student who has o
l .

thoroughly studled the materlal

1s the Self-Test.

the examlnatlon, a ser1es of tyolcal multlple-ch01ce or flll-ln

test oaest10ns;$re programmed on: to the System.

n

E then allowed to take th1s "pre-test" to. determlne what areas

After the completlon of each un1t and before

A second type- of programmlng

The stﬁdent 1s -
j .

SR IR !
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! .requlre further study. Whenever posalble).a page°number from the A

requlred text is supolled for qulck reference for a mlstaken entry.’
S - . e ) o 4o e .f’
The thlrd type of orogrammlng is analysis of laboratory data.

[

N

 Many times it is. both ’mpractrcal .as well as t1me—consum1ng, for R

'the student to do the slmple mathematlcal calculatlons requlred
::',J : “

to determlne 1f hls,expernment is proceedlng correctly.l Often : S Q
experlments ‘have’ hdd to be postponed or\tancelled to allow the
"student-tlme for these calcdlatlons. Thus, a 91mple computer

5 -

' proqram is developed to perform these - calculatlons and allow the

LB

i

fstudent to-contlnue w1th h1s experlment. program Whlch w1ll

s,
‘3~L

verify rcsults from a«genetlcs experlment through ‘the use of

- ¢
“» b

Ch1 Square 1s an example of such programmlng.i-K.student must
'know ‘the" baslc eructure of Chl Square 1n order to 1nput the B

,data, but now is not bound bv the mathematlcal calculatlons. ]

L~

The fourth type of programmlng and the one most fasc1nat1ng,

Y

"I belleve, to the student and the 1nstructor 1s the Slmulatlon

. ,\ . . -~
./ .,'7 R |

of L1fe Processes.“ Wany experlments, due to locallty, lack of

v

'"sophlstlcatlon of laboratory equlpment,_ omplegzty in’ measurlng

" “the blologlcal process, and t1me requlred for the experlment o

B ’

T could not be completed\an the lab . The reenactment of DarW1n s

Tflnches or the Lock and Key Fnzyme model in blochemlstry are

) R

typlcal=examples;of:these blologlcal s1mulatlons,' L . B

fo P

- : . : - . s ": T
s ' The second portlon of th1s paper deals w1th one: such

.slmulatlon develooed to. allow “the student to observe and 1nvest1- p
o i .
'gate quantrtatlvely the blochemlcal processes that occur in
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:th“ . &tnature; Wlth GPHOTO the studont is able to 1mulate the process
| R of photosyntheél 1n a leaf by 1nputt1ng varylng amounts of carbon
- d10x1de, uater, temporature, color of llght and - llght]energv and
determlne their ef ch on photosynthe51s 1n tofig of the,productlon

~ of glucose, oxyge , and water. 'The values are 1n mllllllters for

to. the actual blOChPmlcal processes 1n photosynthe51s, as well as

1nstructlons on how to 1nput the experlmental data._ If the stpdent v
v ’ " 53‘ . r’
does not Wloh to vary any of the above—mentlbned phy51cal or chemical

'%xf factors, the program will prlnt out the results of a standard run

wh1ch the student can de51gnate as a- control for further 1nvest1-:‘

’

’n .1' -gat;ons.» The program then as}s the student lf he wishes to change

.any'of'the factors, The ooerator can change one ‘or as many factors
~—— S '
as he w1shes to 1nvest1gate. ’

CIf values:are?changed the brogram'then types outvthe:new

results bascd on the 1nnutted data. At this p01nt the program'

'_/ : prlnts out. the number of 3ctual photosynthetlc cycles and ‘then
Idetermlnes ‘which of the factors eventuallv 11m1ts theJrate of

f.'”;"photosynthes;s.,;gwgﬁflfi'f"'fw T

, S e
v : i : - . S . [ —
» v - e e g T

- Thls 51mulatlon 1s appllcable at all levels of hlgh aChOOl
botany, 1nc1ud1ng Advanced Placement Blology,.or flrst-year college
. 1'

R _'botapy. A worksheet w1th,suggested act1v1t1es and,problems has

. . . o | . ) - . —. 5 ' ﬁ”‘ - | » .. L .]"
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also beén_déveloped to‘%ccompapyrthe proéﬁ§m.

»

,fxn conolhsion, it is; folt that the computer, through»unit
. o , |
rpview, self-tests, analysxs of laboratory data, and. 51mulatlon

‘4 . ¥

v
of blologlcal act1v1t1es has add”a a new dlmen51on to our upper

- ',,,

I ,“7:
lelSlon dlasses and has'madelblology both academlcalgy challenglng ]

- . . |-

and stlmulatlng to the contemoorary student.' e
. Y . .
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ST TYPICAL PROFRAM DRINT-OUT
(Student Respons 3 Are Underllned)
o . : - . )

N

SO . 7 ‘spHO®O - -

A Do YOU WANT INSTRUCTIONS° (T

- ?YES' | T
THIS PROGRAM DEﬂLs WITH THE PROC SS OF. PHOTOSYNTHESIS
"IN, PHOTOSYNTHESIS CARBON DIOXIDEJ (CO2) AND

. WATER (H20) IN THE PRESENCE OF LIGHT PRODUCES ..

"~ 'SUGAR. (C6111206) ,  OXYGEN. (02) AND WATER (H20).

THE OVERALL" EOUATION FOR; PHQTOSYWTHESIS* Co

RO | §

YLS ‘OR NO)

6C02 + 12120, --—-a C6H1206 F 602 + enzo
%
IN THIS EXPTRIMFNT YOU WILL® Bu ABLE TO
VARY THE COLOR OF THE LIGHT.USED, 'INTENSITY

OF THE LIGHT, TEMPERATURE, AMOUNT OF. CARBON DIOXIDE. , b

AND THE AMOUNT OF WATER, ' '

THE PROGRAM,WILL TELL- YOU HOW MUCH . - A -

QUGAR, OXYGEN, .AND WATER IS BEING PRODUCED Lo
AND  WHAT FAGTOR 'EVENTUALLY STOPPPD THE*RFACTION :
(THE LIMITING FACTOR). :
@y + . oy L .
A TYPICAL EXAMPLF WOULD BE¢ » ' - ﬁ
- FOR EVERY 1344¢¢ Mj, OF CO2, 216 ML OF H2ﬂ°
- AND 48, 16*lﬁ123 PHQTONS OF RED LIGHT AT 29 DEGREFS CELSIUS/

THE FOLLOWING' IS PRODUCED‘ o . , L wer
- "GLUCOSE: 180 GR". Ll S e

.OXYGEN: 1344#¢ ML e - RERCE /

'WATER: lﬂS ML . - : . - . (.

NOW YOU MAY TRY THE ABOVE PXPFRIMENT
" BY VARYING ANY FACTOR THAT YOU WANT
IF YOU DO NOT VARY A FACTOR THE .o
. FOLLOWINGVALUES WILL BE USED: o ' )
134497 M1, of CO2, 216 ML of H20, and 48, lG*lﬂT23 PHOTONS
. OF RED LIGHT AT 2§ DEGREES CELSIUS
- ~YOU MAY VARY A FACTOR BY TYPING 'IN ME NUMBER
ASSOCIATED WITH THE FACEOR ' : :

. #1 CARBON DIOYIDF . : | |
" #2 WATER = S -
-3 COLOR OF LIGHTXK G _

#4 LIGHT INTENSITY (PHOTONS) C - o~ o
#5 TEMPERATURE (CELSIUS) '. - B




K

I

| o "'1 ) _ , .
A . . Ny i . R L
I WHICH FACTOR DO YOU WISH TO VI\RY'> .‘ . o - _;
IF YOU D? NOT WISH TO CHANCT ANYTHINF TYPP A 6 e o L ’

95 ]

U AMOUNT‘OF GLUCOSE" PRODUCPD 18g CR,
T *_AMOUNT OF OXYGEN PRODUCED: 1344fj ML
- AMOUNT OF WATER PRODUCED: 1§ ML

THE'PLANT RAN OUT OF WATFR

.. THE PLANT RAN THROUGH THE PROCESS OF e e
~ PHOTOSNYTHESIS 3. JLPAPE+23 TIMES. - L :

7" DO.YOU WISH 10 RUN . THD EXPERIMFNT AGAIN?: (TYPE YES OR NO):
. PYES . _ T '
 WHICH FACTOR DO YOU WISH TO VAR“° : o , , .

IF YOoU DO NOT WISH'TO CHANGE ANYTHING TYPE: A 6 T o
A . 93 . . o o Lo L. . /'.‘
P WHICH COLOR_OF LIGHT DO YOU WAVT TO USE o '
- - $#1 BLUE . .

.. #2° GREEN L. L o
“4$3 YELLOW T - o B o
. . ' #4 RDD . P . B .. .
— . ';2 o .
L - WITICH OTHER FACTOR DO YOU WISH TO. anwcpv 3 e V D
. TYPE 6 IF YOU ARE THROUGH ! - < L 3 :

26
" - AMOUNT OF GLUCOSE bRoDuéEp: 6g GR . . ///. T
~ AMOUNT ‘OF OXYGEN PRODUCED: 448fff ML R S
AMOUNT OF WATER PRODUCED: 36: ML o ;
) Y, : SO N R :
PHOTOSYNTHESIS HAS STOPPED BECAUSE.THERE IS . .|
NOT ENOUGH LIGHT (PHOTONS). =~ =" - o o - ~‘,'

S _ " THE HLANT, RAN THROUGH THE PROCESS OF
EEEE— PHOTOSYNTHESIS 2 ¢¢667E+23 TIMES S

N DO YQU WISH TO RUN THD EXPDRIMENT A(‘AIN'> (TYPF YES OR NO) R ’

_DONE‘ SRR _ ,' J - ....\
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. SPHOTO LAB WORKSHEET

o ' o B -

f"f/\\w o vItlis'p0951ble to 51mulate the actlon of any organlsm on‘al f._L'
‘computer.A In thls lab vou w1ll 51mulate the process of ]1 L
photosvnthesls in a leaf You w1ll be able to Vary the amount. of
: ,fl carbon dlox1de, water, color of llght, and llght energy and determlne
-

the'effect'on photosynth031s. As you complete the lab on the

g =

v
i

S . computer, please answer the fOLlow1ng questlons'
- . N _ 1

s

']”l; a) Ho]dlng all other values c0nstant, if equal amounts -
- . N
of water and carbon dioxide are supplled to a plazﬂ

”f.’ , _f,‘- Wthh w1ll limit the rate of photosynthe51s° S A \f'
. : o e
——%*ff’ﬁff" b)) In what ratlo should the carbon ledee to water

v walue exlst for a plant° Lo o #o -
. . \ L . 1 il* | ! .
is best for photosynthe51s°?v k

2. a) What%color llght

_ _ "b) Why do you th1nk thlS is so? : _ b "‘-“" N
o A '2&( c) Rank the other three colors in order of efflclency.
\ t .- |
3. wOuld supplylng tw1ce the amount of llght double the rate

/]

!

'of photosynthe51 Why or why .not?
o

-7;°2, Calculate the amount of sugar, oxygen, and water produced

-~ __dur1ng one complete'cvcle oflphotosynthesls.

(Hlnt amount of glucose produced
' number of photosynthe91s cycles)
! , |

S. Construct a graph 1llustrat1ng the effect of temperature on -

[

_photosyntheflsy e

» ’,
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